Pretreatment of pancreatic acini with 5-hydroxytryptamine (5-HT) reduced the binding of the labeled somatostatin (SS) analogue '%Ty?-SMS to pancreatic acinar membranes. This effect was dependent of the dose of 5-HT used and length of pretreatment. This inhibitory effect of 5-HT was abolished when pancreatic acini were pretreati with 5-I-IT in the presence of the 5-HT,r receptor-antagonist 5-hydroxytryptophyl-5-hydroxytryptophan amide (5-I-IV-DP). Pretreatment of pancreatic acini with 5-HT reduced the inhibition by the stable SS analogue SMS 201-995 of basal and forskolin (FK)-stimulated adenylyl cyclase (AC) activity in pancreatic acinar membranes. There was no statistical difference established between I&, values for the stable GTP analogue 5'-guanylylimidodiphosphate (Gpp(NI-I)p) which inhibits ligand binding to SMS receptors in controls and in 5-HT treated pancreatic cells, respectively. In addition, no significant differences were seen in the level of Gi proteins in the control and 5-HT treated panceatic acini. These data suggest that the decrease of the number of '2sI-Ty?-SMS receptors, would explain the decreased sensitivity of AC to SMS 201-995 in membranes from 5-HT-pretreated acini .
Somatostatin-14 (SS), originally described by Brazeau et al. (I) , is a tetradccapeptide synthesized in endocrine D cells and widely distributed in the gastrointestinal tract. At the level of the exocrine pancreas, SS is a potent inhibitor of pancreatic exocrine secretion in humans, rats and dogs (2). Several authors (3-6) have previously reported that pancreatic acini possess specific binding sites for SS which are involved in the inhibitory effect of the peptide on secretinstimulated cell cyclic adenosin 3 ', . In this tissue, as in others (7), SS receptors are linked via guanine nucleotide-binding inhibitory proteins (Gi proteins) to adenylyl cyclase (AC) and SS regulates AC activity in an inhibitory manner (7). SS binding to its receptors on acinar cell membranes is not only regulated by SS analogues (5) but also by several pancreatic secretagogues (6, 8) binding to their own receptors on pancreatic acinar cell membranes. Our group recently reported that chemical ablation of serotonergic nerves in the rat pancreas by injection of a specific 5-hydroxytryptamine (5-HT) neurotoxin, 5,7-dihydroxytryptamine (5, , into the substance gland increased the number of SS receptors in pancreatic acinar cell membranes (9). These results suggest that 5-HT could decrease the activity of SS receptor-effector system in the rat exocrine pancreas. However, there is no report of the influence of 5-I-E on the SS receptor-effector system in the exocrine pancreas. The present study was therefore conducted to examine the effect of pretreating pancreatic acini with 5-m on the binding of the labeled stable SS analogue SMS 204-090 or Ty?-SMS to pancreatic acinar membranes and on the inhibition by the stable SS analogue SMS 201-995 of basal and forskolin (FK)-stimulated AC activity in these membranes. Experiments were also performed to measure the inhibition of specific ?-Tyti-SMS binding by the stable GTP analogue 5'guanylylimidodiphosphate (Gpp(NH)p) in order to determine the integrity of SS receptor binding site-G protein interactions.
Chemicals

Materials and Methods
The stable SS analogue, SMS 201-995 and its tyrosine analogue Tyrj-SMS or SMS 204-090 were kindly donated by Sandoz Ltd. (Basel, Switzerland). Carrier-free Na'=I (IMS 300,100 mCi/ml) was purchased from the Radiochemical Center (Amersham, U.K.); collagenase (from Ckxtridium histoliticum) was obtained from Serva Fine Chemicals (Tebu, France). 5-hydroxytryptamine (5-HT), bacitracin, phenylmethylsulphonylfluoride (PMSF), guanosine triphosphate (GTP), 5'-guanylylimidodiphosphate (GppOp), 3-isobutyl-1-methylxanthine (IBMX) and bovine serum albumin (BSA) were supplied by Sigma Qufmica (Madrid, Spain). 5-HI',, receptor-antagonist, 5-hydroxytryptophyl 5-hydroxytryphan amide (5-HTP-DP), was supplied by Dr Hadassah Tamir from the Depatment of Anatomy and Cell Biology, Columbia University College of Physicians and Surgeons, New York, New York 10032. All other reagents were of the highest purity commercially available.
mtion and inc&&ion of WC acini
Male Wistar rats, weighing 225-250 g and fed ad libiturn, were sacrificed by decapitation. The pancreas was removed and trimmed free of fat, connective tissues and lymph nodes. Acini were prepared using minor modifications of the technique developed by Amsterdam et al. (10) and Est&ve et al. (11) . Krebs-Ringer medium contained 24.5 mM HHPHS, 115 mM NaCl, 4.8 mM KCl, 1.2 mM KI-I,pO,, 12 mM MgSO,, 0.5 mM CaC&, 5 mM glucose, 2 mM glutamine, 0.2% (wtlvol) BSA, 2% (vol/vol) essential amino acid solution, and 1% (voVvo1) nonessential amino acid solution. This medium was adjusted to pH 7.4 and gassed with C& + CO*. The pancreas was injected with 4.16 ml of oxygenated Km&Ringer medium containing 0.2 units of collagenase/ml. The distended pancreas was fragmented and incubated at 37°C and at 6&70 oscillations/min in a shaking water bath for ten min. After this incubation, the medium was discarded and replaced by 4.16 ml fresh medium. The pancreas was regassed with Gr + CGr and the incubation repeated. The tissue was washed with K&s-Ringer medium. Pancreatic acini were dissociated by passing the tissue through pipettes. The acinar preparation was purified by centrifugation for 1 min at 100 x g. Pancreatic acini suspended in the afore-mentioned medium were preincubated in the presence or absence of 5-HT or other chemical agents in a shaking water bath at 37°C for 120 min unless otherwise indicated.
Preoaration of oancreatic acinar cell membranes and binding of 12sI-Tv?-SMS to memu Pancreatic acini after preincubation were washed once with incubation solution, transferred to 0.3 M sucrose and homogenized at 4°C by use of a Potter homogenizer following the method described by Meldolesi et al. (12) . After sedimentation at 1,500 x g for 12 mitt, the homogenized membranes were resuspended in 1.56 M sucrose. This suspension was overlaid with 0.3 M sucrose and centrifuged at 105,000 x g for 150 min. The plasma membraneenriched fraction c&Wed from the interphase was diluted with distilled water and centrifuged at 15,000 x g for 30 min. The supernatant was discarded and the pellet was resuspended in 50 mM Tris/HCl pH 7.4,O.Ol mg/ml bacitracin, 0.2 mM CaCl, and stored at -70°C. An aliquot was taken for protein determination by the method of Lowry et al. (13) , with BSA as a standard. The stable analogue of SS, SMS 204-090, also known as Ty?-SMS, which has been previously demonstrated to bind specifically to SS receptors with high affinity (14,15), was radioiodinated by the chloramine-Tmethod (la), and purified by HPLC accordmg to Antoniotti et al. (17) . Its specific radioactivity was found to be 900 Cilmmol. Biiding of '%T$-SMS to pancreatic acinar membranes was carried out in a total volume of 250 ~1 in 50 n&l Tris-HCl buffer (pH 7.4) containing 0.5 mM MgCl,, 3 mM NaCl, 0.2 mM CaC&, 0.2% (wtkol) BSA, 0.5 mg/ml bacitracin and 0.3 mg/ml soybean trypsin inhibitor (binding buffer). Pancreatic acinar cell membranes (36 pg protein/ml) were incubated for 90 min at 20°C with 35 pM "%Ty?-SMS in the absence or presence of 0.001-10 nM unlabeled SMS 201995. Bound and free ligand was separated by centrifugation at 11,000 x g for 4 min at 4°C in a microcentrifuge. Radioactivity in the pellet was measured with a gamma counter. Non-specific biding was estimated as membrane-associated radioactivity in the presence of 0.1 $k4 SMS 201-995 and specific binding was calcuked as the difference between total and non-specific membrane-associated radioactivity. The effects of Gpp(NH)p on 'zsI-TyP-SMS binding were determined after addition of a range of GppOp concentrations (10 "-104 M) in the binding assay buffer.
Adenvly&&se w AC activity was measured as previously reported (18) with minor modifications. Briefly, rat pancreatic acinar membranes (0.12 mg protein/ml) were incubated with 1.5 mM ATP, 5 mM MgSO,, 1 PM GTP and an ATP-regenerating system (7.5 mg/ml creatine phosphate and 1 mg/ml creatine kinase), 1 mM IBMX, 0.1 mM PMSF, 1 mg/ml bacitracin, 1 mM EDTA, and test substances (l(rg M SMS 201995 or 10' M FK) in 0.1 ml of 0.025 M triethanolamine/HCl buffer (pH 7.4). After a 30 min incubation at 3o"c, the reaction was stopped by heating the mixture for 3 min. After letting cool for 5 min, 0.2 ml of an alumina slurry (0.75 g/ml in triethanolamine/HCl buffer, pH 7.4) was added and the suspension centrifuged. The supematant was taken for assay of CAMP by the method of Gilman (19) .
The pertussis-toxin (FlX)-catalyzed ADP ribosylation was carried out as previously reported (20). After PTX activation, membranes (0.8 mg protein /ml) were incubated with PTX (16 pglml) in 100 mM Tris-HCI buffer (pH 8.0), containing IO mM thymidine, 1 mM ATP, 100 PM GTP, 2.5 mM MgCl*, 1 mM EDTA, 2 PM "P-NAD+ (30 Wmmol) and an ATPregenerating system. After 30 min at 30°C the reaction was stopped by addition of 1 ml of icecold 100 mA4 Tris-HCl buffer (pH 8.0), proteins were sedimented by ccntrifugation for 10 min at 30,080 x g and solubilized with 0.1 ml 60 mM Tris-HCl buffer (pH 6.8) containing 10% glycerol, 0.00196 bromophenol blue and 3% SDS (SDS-sample buffer). After heating for 30 min at 6o"c, the suspension was centrifuged for 10 min at 100,800 x g and aliquots of the supematant were submitted to SDS-PAGE using the procedure of Laemmli (21) as previously described (22). The gels were run, fixed, dried and exposed to Dupont films (cronex 4) for l-7 days at -80°C using an intensifying screen.
Data analysis
The LIGAND computer program (23) was used to analyze the binding data. The use of this program made it possible to select the models of receptors which best fit a given set of binding data. The same program was also used to present data in the form of Scatchard plots (24) and to compute the values for receptor affinity (Kd) and density (Bmax) for each rat. Statistical comparisons of all the data were analyzed by ANOVA and the Newman-Keuls t-test. Means between groups were considered significantly different when the p value was less than 0.05. Each individual experiment was performed in duplicate.
Results
We first examined the effect of 5-HT on "'1-Ty?-SMS binding. Freshly prepared pancreatic acini were pretreated with lo7 M 5-HT at 37°C for 120 min before binding of IzsITy?-SMS to cell membranes prepared from these pancreatic acini. Steady binding of'251-Ty?-SMS to both control and 5-HT-pretreated membranes was reached at 90 min (data not shown). However, pretreatment with lo7 M 5-HT markedly reduced the binding of the labeled SS analogue '%Ty?-SMS to pancreatic acinar membranes in comparison with controls.
When pancreatic acini were preincubated with increasing concentrations of 5-HT (10" -1q5 M), a concentration-dependent inhibition of labeled Ty?-SMS binding was observed (Fig.  1) . The inhibitory effect of 5-HT on lBI-TyP-SMS binding was also dependent on the length of pretreatment (Fig. 2) . lUI-Ty?-SMS binding was not affected when 5-HT was added directly to the reaction mixture for the binding assay (data not shown). Therefore, the inhibitory effect was only observed when 5-HT acted on intact acinar cells and presumably affected binding through some cell processes.
In order to further understand the modulation of '*'I-Tyti-SMS binding by 5-HT, a displacement study of "'1-TyP-SMS binding by unlabeled SMS 201-995 was performed (Fig. 3,  Left panel) . The inhibitory effect of 5-HT was seen at all ligand concentrations. Scatchard analysis of labeled Ty?-SMS binding revealed a decrease in the maximum binding capacity, with no significant effect on the binding affinity (Fig. 3 , Right panel, Table 1 ). Such an inhibitory effect of 5-HT was abolished when pretreatment of pancreatic acini with 5-HT was performed in the presence of the 5-HT,, receptor-specific antagonist 5-hydroxytryptophyl-5-hydroxytryptophan amide (5-HTP-DP) (Fig. 3, Table I ).
The functional coupling of SS receptors to the AC system was studied in these membrane preparations. The present results show that SMS 201-995 was able to reduce AC activity in the rat pancreatic acinar cell membranes both in basal conditions and when stimulated by FK (Table  II) . No significant differences were seen in either the basal or FK-stimulated AC activity between control and 5-HT-preincubated pancreatic acini. The effect of SMS 201-995 on basal and FKstimulated AC activity was markedly decreased in membranes from 5-I-IT-pretreated pancreatic acini (Table II) .
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Effect of pretreatment of pancreatic acini with 5hydroxyqpmmine (HIT) or with the HIT,, receptor-specific antagonist 5-hydroxytryptophyl-5-hydroxytryptophan amide (5-HTP-DP) on lZSI-Tyti-SMS binding to rat pancreatic acinar membranes. Pancreatic acini were preincubated for 120 min at 37°C in the absence or presence of the indicated concentrations of 5-HT (0) or 5-HTP-DP (A) and pancreatic acinar membranes were subsequently prepared as described under "Methods". Thereafter, the prepared pancreatic acinar membranes (36 pg protein/ml) were incubated with 35 pM '%Ty?-SMS for 90 min at 20°C in the absence or presence of 10' M of unlabeled SMS 201995. Each value is plotted as the percent of control values (0, absence of 5-HT or 5-HTP-DP) (100%) and is the mean of duplicate determinations from five separate experimentsStatistical comparison versus control: *** p < 0.001. Time-course study of the inhibitory effect of 5-hydroxytryptam-ine (5HT) on '% Ty?-SMS binding to rat pancreatic acinar membranes. Pancreatic acini were preincubated for 60-180 min at 37°C in the absence (control, 0) or presence of 10' M 5-HT (0) and pancreatic acinar membranes were subsequently prepared as described under "Methods". Thereafter, prepared pancreatic acinar membranes (36 pg protein/ml) were incubated with 35 pM '%Ty?-SMS for 90 min at 20°C in the absence or presence of 10' M of unlabeled SMS 201-995. Each value is plotted as a percent of the control value and is the mean of duplicate determinations from five separate experiments. Statistical comparison versus control: * pCO.05.
To determine whether changes at the level of the Gi proteins are involved in the decreased sensitivity of AC to SMS 201-995 in the pancreatic acinar membranes, the Gi proteins were evaluated. The ability of GppOp to inhibit the binding of '%Ty?-SMS was used as a functional assay for Gi proteins. The modulation of l"I-Ty&SMS binding by guanine nucleotides was studied in fresh and 5-HT-preincubated pancreatic acini. There was no statistical difference established between IC, values for Gpp(NH)p which inhibits ligand binding to SMS receptors in control and in 5-HT treated cells, respectively (Fig. 4) . Further experiments explored the effect of 5-HT administration on Gi proteins in rat pancreatic acinar membranes by ADP-rybosylation of the or-subunit of Gi with PTX in the presence of 32P-NAD+. Fig. 5 shows that the radioactivity was incorporated into the 41-kDa membrane protein upon the addition of PTX and that the intensity of the labeling was the same in membranes from control and 5-HT treated pancreatic acini.
The present results show that preincubating rat pancreatic acini with 5-HT reduces the subsequent binding of '?Tyr'-SMS to pancreatic acinar cell membranes. This action of 5-HT depends on the incubation time and concentration of 5-HT.
The rapid degradation of SS has led to the search for more stable analogues, which were synthesized mainly as octa-and nonapeptides (25). One of them is SMS 201995, a long-acting SS analogue (25), bound specifically and with high affinity to SS rec@ors in various systems (26). Its Tyr' analogue, code named 2O4-090, shares with SMS 201995 the above-mentioned properties, i.e. it displaces with high affinity a '%I-Tyr"-SS radioligand from all its binding sites in pituitary or pancreatic homogenates. It may act in a same way on the binding sites in cortical or hippocampal membranes (14). Effect of pretreatment of pancreatic acini with 5hydroxytryptamine (5HT) on the inhibitory effect of 5'-guanylylimidodiphosphate (Gpp(NH)p) on the specific binding of %Ty?-SMS.
After preincubation of pancreatic acini for 120 min at 37°C in the absence (control, e) or presence of 10m7 M 5HT (0), pancreatic acinar membranes were prepared as described under "Methods". Thereafter, prepared pancreatic acinar membranes (36 c(g protein/ml) were incubated with 35 pM '%Ty?-SMS for 90 min at 20°C in the absence or presence of increasing concentrations of Gppop.
Specific binding observed in the presence of increasing concentrations of Gppop is depicted as percent of maximal binding observed in the absence of the nucleotide. Each point is the mean of duplicate determinations from five separate experiments. Calculated 50% inhibitory concentration values were 0.40 PM in membranes from control pancreatic acini and 2.3'7 FM in those from pancreatic acini preincubated with %-IT. No statistical significant differences were found between I&,, values.
The binding parameters of the SS receptors in control membranes were similar to those previously reported (5, 27) . Although recent gene cloning studies have demonstrated the existence of different SS receptor isoforms (28), the pancreas seems to express only the SS receptor subtype 2 (SSTR2) (29).
The effect of HIT on the pancreatic somatostatinergic system seems to be mediated by the specific 5HT,, receptor. The decrease in 12sI-Ty?-SMS binding can be abolished by addition of 5-HTP-DP, a 5-HT,, receptor-specific antagonist (30), to the incubation media. This action of 5-HTP-DP coupled with the finding that 5-I-U does not alter the binding of 'zI-Ty?-SMS when added directly to the binding media indicates that the ability of 5-I-E to inhibit the binding of 125~-Tyf-SMS is mediated by 5-HT interacting with 5-HT,, receptors and does not reflect a direct interaction of 5-HT with SS receptors. The mechanism by which 5-HT decreases the SS receptors in pancreatic acini remains to be elucidated. Occupation of the 5-HTi, receptors by an agonist increases cell CAMP, a wellknown second messenger (31). These findings, together with the present results, suggest that increased cytosolic CAMP induced by 54-E might affect the binding of labeled Ty?-SMS, presumably through activation of a CAMP-dependent protein kinase (PKA). In this regard, it has been shown that the pretreatment of pancreatic acini with exogenously added CAMP derivates causes an inhibitory effect on labeled SS binding to membranes (6). In addition, the exposure of acini to either VIP or secretin, which would increase cell CAMP, significantly reduces subsequent labeled SS binding to the acinar membranes (6).
Inhibition of rat AC activity by SMS 201-995 was found, which is in agreement with the literature (32,33). The attenuation of the inhibitory effect of SMS 201-995 on basal and FKstimulated AC activity in pancreatic acini preincubated with 5-HT is most likely due, at least in part, to the observed decrease of '%Ty?-SMS receptors.
The present results concerning the ablity of the non hydrolyzable GTP analogue Gpp(NH)p to inhibit the binding of the tracer to pancreatic acinar membranes and the studies of PTX catalized ADP-ryboylation suggest, that Gi proteins were not modified in 5-HT treated pancreatic acini when compared with controls.
The data obtained allow us to exclude the possibility that 5-HT affected the functioning of the AC catalytic subunit. In this context, the effect of pretreatment of pancreatic acini with
